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SUBSTRATE PROCESSING APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from the prior Japanese Patent Application No. 
11-162601, ?led Jun. 9, 1999, the entire contents of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a substrate processing 
apparatus, for example, for performing coating processing 
using a resist solution, developing processing, and the like 
for a substrate such as a semiconductor Wafer, a glass 
substrate for a liquid crystal display, or the like. 

In photolithography in a semiconductor device fabricating 
process, a semiconductor Wafer (hereinafter referred to as a 
Wafer) is coated With a resist, the coated resist is subjected 
to eXposure processing in accordance With a predetermined 
pattern and then developing processing, Whereby the prede 
termined pattern of resist ?lm is formed. Such a series of 
processing is performed by a system in Which an aligner is 
connected to a coating and developing apparatus. 

FIG. 12 is a plan vieW shoWing a conventional eXample 
of such an apparatus, and a substrate cassette C housing 25 
substrates, for eXample, semiconductor Wafers is carried into 
a cassette stage 1 of a cassette station A1. A processing 
station A2 is connected to the cassette station A1, and an 
aligner not illustrated is connected to the processing station 
A2 With an interface station A3 betWeen them. 

AWafer W in the cassette C on the cassette stage 1 is taken 
out by a delivery arm 11, then sent to a coating unit 13 via 
a delivery section of a shelf unit 12, and coated With a resist 
there. Thereafter, the Wafer W is transferred by the route of 
a main arm 14Qa delivery section of a shelf unit 15—>the 
interface station A3—>the aligner, and eXposed. 

The eXposed Wafer W is transferred to the processing 
station AZ by the reverse route, developed in a developing 
unit not illustrated but provided at the loWer tier of the 
coating unit 13, and then transferred by the route of the main 
arm 14—>the delivery section of the shelf unit 12—>the 
cassette C. Incidentally, each shelf of the shelf units 12, 15, 
and 16 is structured as a heating section, a cooling section, 
the aforesaid delivery section of the Wafer W, or the like. 
Before and after the coating of the resist and before and after 
the developing processing, in order to perform each of the 
above processing at a predetermined temperature, heating 
and processing and cooling processing are performed in the 
shelf units 12, 15, and 16 in this order. 

The processing station A2 is divided into a processing 
area composed of the coating unit and the developing unit 
and a transfer area in Which the main arm 14 is disposed. The 
processing area has a very precisely regulated atmosphere 
and air from Which impurities are removed and Which is 
regulated at predetermined temperature and humidity is sent 
out thereto. The transfer area has a coarsely regulated 
atmosphere and air from Which impurities are removed is 
sent out thereto. 

Since the thickness of a resist ?lm depends on the 
temperature during coating of a resist, it is required to apply 
the resist While the temperature of a Wafer is regulated very 
precisely in this situation in Which thinning of the resist ?lm 
is promoted. Therefore, the present inventor observed that 
the temperature of the Wafer W is regulated very precisely by 
performing tWo-stage cooling by means of tWo cooling 
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2 
sections. In other Words, a ?rst cooling section for cooling 
the Wafer W heated to a predetermined temperature to a 
temperature not more than a ?rst temperature, so to speak, 
for cooling the Wafer W brie?y and a second cooling section 
for subsequently cooling the Wafer W to a second tempera 
ture loWer than the ?rst temperature While performing 
precise temperature control. 

In this case, since there is no installation space in the 
processing area in the aforesaid layout, the second cooling 
section is provided in the transfer area. In such a layout, the 
Wafer W passes through the transfer area With the coarsely 
regulated atmosphere, Whose temperature and humidity are 
not regulated, While being transferred from the second 
cooling section to the coating unit 13. Therefore, even in the 
temperature of the Wafer is very precisely regulated in the 
second cooling section, the temperature changes during 
subsequent transfer, and the temperature at the time of resist 
coating eventually comes to differ from an intended tem 
perature. As a result, there is a possibility that uniformity of 
?lm thickness deteriorates. 

To prevent the above possibility, it Was considered that the 
processing station A2 has a very precisely regulated atmo 
sphere Whose temperature and humidity are regulated, but 
there is a disadvantage in that such enlargement of an area 
in Which atmosphere regulation is performed causes an 
increase in cost. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to provide a substrate 
processing apparatus capable of improving uniformity of 
processing by performing coating processing of a coating 
solution While the temperature of a substrate is very pre 
cisely regulated. 

According to the present invention, there is provided a 
substrate processing apparatus comprising a heating unit 
con?gured to heat a substrate, a ?rst cooling unit con?gured 
to cool the substrate heated by the heating unit to a tem 
perature not more than a ?rst temperature, a second cooling 
unit con?gured to cool the substrate cooled by the ?rst 
cooling unit to a second temperature loWer than the ?rst 
temperature, a substrate processing unit con?gured to per 
form coating processing of a coating solution for the sub 
strate cooled in the second cooling unit, and a substrate 
transfer unit con?gured to transfer the substrate betWeen the 
?rst cooling unit, the second cooling unit, and the substrate 
processing unit, and Wherein a processing station is divided 
into a processing block in Which the temperature is con 
trolled and a transfer block, the processing block including 
the substrate processing unit and the second cooling unit, 
and the transfer block including the substrate transfer unit, 
the heating unit and the ?rst cooling unit. 
The processing station may be coupled to a cassette 

station having a mounting unit on Which a substrate cassette 
receiving a plurality of substrates is mounted and a delivery 
unit con?gured to deliver the substrate from/to the substrate 
cassette mounted on the mounting unit so that the substrate 
is transferred to the processing station by the delivery unit. 

According to the aforesaid structure, since the substrate 
cooled to the second temperature by the second cooling unit 
is transferred to the substrate processing unit in a 
temperature-controlled atmosphere, the temperature of the 
substrate does not change during transfer. Consequently, 
coating processing using a coating solution can be per 
formed With the temperature of the substrate being main 
tained With high precision, resulting in improvement in the 
uniformity of processing. 
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Further, a plurality of processing stations are connected to 
each other, and at least one of the processing stations may be 
structured so that a substrate transfer unit delivers the 
substrate from/to both of a substrate processing unit in its 
oWn processing station and another substrate processing unit 
in the adjacent processing station. In this case, the substrate 
delivered to one processing station is transferred to another 
substrate processing unit in the adjacent processing station if 
a substrate processing unit in the one processing station is 
occupied, thereby raising processing capacity and securing 
a high throughput. 

In the aforesaid invention, a substrate processing unit and 
a second cooling unit exclusively used for the substrate 
processing unit may be provided, and the substrate process 
ing unit and the second cooling unit may be disposed in the 
same atmosphere. Further, a dedicated transfer unit con?g 
ured to transfer the substrate betWeen the heating unit and 
the ?rst cooling unit may be provided. 
A substrate processing apparatus of the present invention 

can be applied to an apparatus for performing coating 
processing using a coating solution for a substrate. More 
speci?cally, at least one of the processing stations includes 
a substrate processing unit con?gured to perform coating 
processing using a resist solution for the substrate. An 
aligner is connected to a last processing station Which is 
positioned at a last stage When counted from the cassette 
station and on a side opposite to the cassette station. A 
substrate processing unit in the last stage processing station 
performs developing processing for the substrate exposed by 
the aligner. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by unit of the instrumentalities 
and combinations particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 
preferred embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serve to 
explain the principles of the invention. 

FIG. 1 is a general vieW shoWing a coating and develop 
ing apparatus according to an embodiment of the present 
invention; 

FIG. 2 is a schematic plan vieW shoWing the coating and 
developing apparatus; 

FIG. 3 is a schematic right side vieW shoWing the coating 
and developing apparatus; 

FIG. 4 is a schematic left side vieW shoWing the coating 
and developing apparatus; 

FIG. 5 is a sectional vieW shoWing an example of a 
processing block; 

FIG. 6 is a sectional vieW shoWing an example of a 
processing chamber housing a coating unit and a second 
cooling unit; 

FIG. 7 is a sectional vieW shoWing the coating unit; 
FIG. 8 is a perspective vieW shoWing an example of the 

processing chamber housing the coating unit and the second 
cooling unit; 

FIG. 9 is a perspective vieW shoWing a Wafer transfer unit; 
FIGS. 10A to 10D are sectional vieWs shoWing an 

example of a CHP unit; 
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4 
FIG. 11 is a perspective vieW shoWing an example of the 

processing block; and 
FIG. 12 is a schematic plan vieW shoWing a conventional 

coating and developing apparatus. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Apreferred embodiment in Which the present invention is 
applied to a coating and developing apparatus for a substrate 
Will be described beloW. FIG. 1 is a general vieW shoWing 
the inside of this embodiment in perspective. As shoWn in a 
schematic plan vieW of FIG. 2, S1 is a cassette station, and 
a plurality of, for example, three processing stations S2 to S4 
are connected to the cassette station S1. If these three 
processing stations are referred to as a ?rst processing 
station S2, a second processing station S3, and a third 
processing station S4 from the cassette station S1 side, an 
aligner S6 is connected to the third processing station S4 
With an interface station S5 betWeen them. 

The cassette station S1 includes a cassette stage 21 on 
Which Wafer cassettes 22 (hereinafter referred to as 
“cassettes”) are mounted and a delivery arm 23 or a delivery 
unit of the ?rst processing station S2 Which Will be described 
later. For example, the Wafer cassettes 22 may constitute 
four substrate cassettes each receiving a plurality of 
substrates, such as, 25 Wafers W, and the delivery arm 23 
may constitute a delivery unit for delivering the Wafer W 
betWeen the cassette 22 on the cassette stage 21 and a 
processing unit. The delivery arm 23 is structured to be 
ascendable and descendable, movable in an X-direction and 
a Y-direction, and rotatable around a vertical axis. 

The ?rst, second, and third processing stations S2, S3, and 
S4 have almost the same structure, and each station is 
divided into a processing block B1 including processing 
units constituting substrate processing sections and a trans 
fer block B2 including a substrate transfer unit. The pro 
cessing block B1 is arranged on the cassette station S1 side, 
and the transfer block B2 is arranged on the aligner S6 side. 
The cassette station S1 and the ?rst station S2, respective 
processing stations S2, S3, and S4, the third processing 
station S4 and the interface station S5, the interface station 
S5 and the aligner S6, and the processing block B1 and the 
transfer block B2 of each of the processing stations S2, S3, 
and S4 are partitioned respectively by Wall portions. 
The structure of the interior of each of the processing 

stations S2, S3, and S4 is explained With reference to FIGS. 
1, 2, 3 (a right side vieW of the ?rst processing station S2), 
and 4 (a left side vieW of the ?rst processing station S2) With 
the ?rst processing station S2 as a representative. The 
processing block B1 includes processing units U each for 
performing coating processing using a coating solution for 
the Wafer W and second cooling sections 3 each for cooling 
the Wafer W to a second temperature. The transfer block B2 
includes heating section each for heating the Wafer W to a 
predetermined temperature, ?rst cooling sections each for 
cooling the Wafer W to a temperature not more than a ?rst 
temperature Which is higher than the second temperature, 
and a Wafer transfer unit MA constituting a substrate transfer 
unit for transferring the Wafer W. They are laid out so that 
the Wafer W is transferred by the Wafer transfer unit MA 
betWeen the processing units U, the heating sections, the ?rst 
cooling sections, and the second cooling sections 3. 

First, an example of the layout of the inside of the 
processing block B1 Will be explained. For example, three 
processing units U are arranged vertically on the right side 
in the processing block B1 as seen from the cassette station 
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S1. In the ?rst processing station S2, for example, tWo 
coating units U1 each for applying a resist being a coating 
solution to the Wafer W and one antire?ection ?lm forming 
unit U2 for forming an antire?ection ?lm on the Wafer W are 
allocated the processing units U. These units are arranged, 
for example, so that tWo coating units U1 are put on top of 
the antire?ection ?lm forming unit U2. 

Vertically arranged on the left side of these processing 
units U are, for example, tWo of the second cooling sections 
3. Each of the second cooling sections 3 is provided corre 
sponding to the coating unit U1 in the same atmosphere as 
the coating unit U1 as shoWn in FIG. 5 (a sectional vieW of 
the processing block B1 as seen from the aligner S6 side), 
and a delivery table 5 provided With a delivery section, for 
example, for delivering the Wafer W betWeen the delivery 
arm 23 of the cassette station S1 and the Wafer transfer unit 
MA is provided under the second cooling sections 3. 

Although not illustrated in FIG. 1 and FIG. 2 for 
convenience, the second cooling section 3 and the coating 
unit U1 are housed in one processing chamber E1, as shoWn 
in FIG. 6, for example. The second cooling section 3 is 
structured to mount the Wafer W on the upper face of a chill 
plate 31 provided With a refrigerant channel therein and 
controlled at a predetermined temperature and to cool the 
Wafer W to the second temperature Which is loWer than the 
?rst temperature. The numeral 32 in FIG. 6 is an ascent/ 
descent pin, raised and loWered by a raising and loWering 
mechanism 33, for receiving and passing the Wafer W 
from/to the from face of the chill plate 3. 
When the coating unit U1 is explained, for example, 

based on FIG. 7, the numeral 51 is a cup, and a rotatable spin 
chuck 52 having a function of vacuum suction is provided in 
the cup 51. The spin chuck 52 is structured to be ascendable 
and descendable by means of a raising and loWering mecha 
nism 53, and When the spin chuck 52 is positioned at the 
upper side of the cup 51, the delivery of the Wafer W from/to 
an arm 61 of the Wafer transfer unit MA is performed. 

As for the delivery of the Wafer W, the arm 61 reaches a 
position above the spin chuck 52, and the spin chuck 52 
relatively rises from the loWer side thereof and receives the 
Wafer W on the arm 61, While the Wafer W is delivered from 
the spin chuck 52 side to the arm 61 by operation reverse to 
the above. The coating unit U1 includes a discharge noZZle 
54, a resist solution supply pipe 55 and a supporting arm 56 
for horiZontally moving the noZZle. In such a coating unit 
U1, a resist solution as a coating solution is dropped from the 
discharge noZZle 54 to a point near the center of the front 
face of the Wafer on the spin chuck 52, and spread and 
applied over the Wafer W by rotating the spin chuck 52. 
As shoWn in FIG. 8, for example, in each of the process 

ing chamber E1, carrying in/out ports 100 for the Wafer W 
are formed at positions corresponding to the transfer arm 61 
of the Wafer transfer unit MA, Which Will be described later. 
The Wafer W can be delivered to the second cooling section 
3 and the coating unit U1 by the Wafer transfer unit MA, and 
the Wafer W cooled in the second cooling section 3 is 
immediately transferred to the coating unit U1 by the Wafer 
transfer unit MA. 

The aforesaid antire?ection ?lm forming unit U2 has the 
same structure as the coating unit U1 and it is, for example, 
individually housed in a processing chamber E2. The Wafer 
W is transferred by the Wafer transfer unit MA through 
carrying in/out ports 110 (See FIG. 8) for the Wafer W 
formed in the processing chamber E2. 

The left side of the second cooling sections 3 as seen from 
the cassette station S1 is allocated to an electric unit U4 
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6 
including a poWer supply section for drive systems of the 
Wafer transfer unit MA and the processing units U, Which 
Will be described later, a controller for controlling electric 
poWer for the above units, and electrical equipment such as 
a sWitchboard for distributing electric poWer among the 
above units. The left side of the antire?ection ?lm forming 
unit U2 as seen from the cassette station S1 at the bottom of 
the electric unit U4 is allocated to a chemical unit U5 for 
housing a supply system of supplying chemicals to the 
coating units U1 and the antire?ection ?lm forming unit U2. 
The chemical unit U5 houses storage tanks for a solvent, a 
resist solution, and the like, drive sections for various kinds 
of valves such as on-off valves of the storage tanks and the 
like and ?lters, drive systems for the discharge noZZles, and 
the like. Incidentally, the processing block B1 in FIG. 4 
shoWs the right portion of the electric unit U4 and the 
chemical unit U5 as seen from the cassette station S1. 

As concerns one example of the layout of the inside of the 
transfer block B2, the Wafer transfer unit MA is provided at 
the back of the processing units U and the second cooling 
sections 3 as seen from the cassette station S1. Aplurality of, 
for example, four CHP (Chilling Hot Plate Process Station) 
units 4 each including a heating section and a ?rst cooling 
section are vertically arranged on the left side of the Wafer 
transfer unit MA as seen from the cassette station S1. 

As shoWn in FIG. 9, for example, the Wafer transfer unit 
MA includes an arm 61 for holding the Wafer W, a base 62 
for supporting the arm 61 so that the arm can freely move 
forWard and backWard, a pair of guide rails 63 and 64 for 
ascendably and descendably supporting the base 62, cou 
pling members 65 and 66 respectively for coupling the upper 
ends and the loWer ends of the guide rails 63 and 64, a 
rotational drive portion 67 integrally attached to the cou 
pling member 66 at the loWer ends of the guide rails for 
driving a frame body constituted by the guide rails 63 and 64 
and the coupling members 65 and 66 so that the frame body 
can freely rotate around a vertical axis, and a rotating shaft 
portion 68 provided on the coupling member 65 at the upper 
ends of the guide rails. 
The arm 61 has a three-stage structure so as to hold the 

Wafer W on each stage, and the peripheral edge of the Wafer 
W is placed on each of, for example three claW portions 69 
provided at respective stages. Abase end portion of the arm 
61 can move sliding along a guide groove 60 provided in the 
longitudinal direction of the base 62. The forWard and 
backWard movement of the arm 61 by the sliding movement 
is drive-controlled by a drive unit not illustrated. The 
ascending and descending movement of the base 62 is 
drive-controlled by a drive unit not illustrated. The ascend 
ing and descending movement of the base 62 is drive 
controlled by another drive unit not shoWn. Hence, these tWo 
drive units (not shoWn), guide groove 60, guide rails 63 and 
64, and rotational drive portion 67 comprise a drive section 
for driving the arm 61 so that the arm can freely rotate 
around the vertical axis and freely move ascendably and 
descendably, and forWard and backWard. Incidentally a 
sensor supporting member 69a is provided With a photosen 
sor for detecting the presence or absence of the Wafer W on 
the arm 61 and is ?xed by the base 62. 
The CHP unit 4 Will be explained brie?y referring to 

FIGS. 10A to 10D. Provided inside a processing chamber 41 
are a hot plate 42 constituting the heating section for 
mounting and heating the Wafer thereon, a chill plate 43 
constituting the ?rst cooling section for mounting and cool 
ing the Wafer W thereon, and a dedicated transfer unit 44, 
attached under the chill plate 43, for transferring the chill 
plate 43 betWeen a position above the hot plate 42 and a 
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position adjacent to the hot plate 42. In this example, When 
seen from the cassette station S1, the chill plate 43 is 
disposed on the left side of the Wafer transfer unit MA and 
the hot plate 42 is disposed on the left side of the chill plate 
43. 

In this CHP unit, for example, as shoWn in FIG. 10A, the 
Wafer W is mounted on the hot plate 42 and heated. 
Subsequently, as shoWn in FIGS. 10B and 10C, a protruding 
pin 45 put in the hot plate 42 is raised to lift the Wafer W off 
the hot plate 42, and then the chill plate 43 is moved to the 
hot plate 42 side and positioned beloW the Wafer W by the 
transfer unit 44, and concurrently the protruding pin 43 is 
loWered to deliver the Wafer W to the chill plate 43. 
Thereafter, as shoWn in FIG. 10D, the chill plate 43 is 
WithdraWn to its original position to cool the Wafer W. In 
some cases, cooling is performed at a position shoWn in FIG. 
10C. In this example, the transfer unit 44 corresponds to a 
dedicated transfer unit for transferring the Wafer W betWeen 
the hot plate 42 and the chill plate 43. 

The cassette station S1 and the processing block B1, and 
the processing block B1 and the transfer block B2 are 
partitioned off respectively by Wall portions 210 and 220, for 
example, as shoWn in FIG. 11 With the processing block B1 
as a representative. Through delivery ports 310 and 320 
formed in the Wall portions 210 and 220 for the delivery arm 
23 and the arm 61 of the Wafer transfer unit MA, the Wafer 
W is transferred betWeen the delivery arm 23, and the 
antire?ection ?lm forming unit U2 and the delivery table 5, 
and betWeen the Wafer transfer unit MA and the coating unit 
U1, the antire?ection ?lm forming unit U2, and the second 
cooling section 3. 

The processing block B1 is enclosed by a side Wall 71 as 
shoWn in FIG. 5, for example, and provided With a top plate 
72 at the top thereof and a base plate 74 at the bottom thereof 
With a space P betWeen the base plate and a vent hole plate 
73. AWall duct 75 is formed on one side of the processing 
block Bi and communicates With a ceiling chamber 76 
formed on the loWer face side of the top plate 72. 
An exhaust port 77 is formed in the base plate 74, and a 

loWer atmosphere in the processing block B1 collected 
through the vent hole plate 73 is exhausted from the exhaust 
port 77 to a factory exhaust system, While a part thereof is 
introduced into a ?lter device 8 as an impurity removing 
device. Air cleaned in the ?lter device 8 is sent out to the 
Wall duct 75 and bloWn out as doWn-?oWing air into the 
processing block B1 via a ?lter unit F1 provided under the 
ceiling chamber 76. 

Filter units F2 and F3 are also provided in ceiling portions 
of the processing chamber E1 housing the coating unit U1 
and the processing chamber E2 housing the antire?ection 
?lm forming unit U2 and communicate With the Wall duct 75 
respectively. Thus, the cleaned air ?oWing through the Wall 
duct 75 is discharged into the processing chambers E1 and 
E2 via the ?lter units F2 and F3 as doWn-?oWing air. 

The ?lter device 8 includes an impurity removing section 
81 for removing impurities, and sending out air. For 
example, impurities may be removed by gas-liquid contact 
caused by spraying pure Water Which is an impurity remov 
ing liquid and a regulating section 82. Regulating section 82 
may be provided With a heating mechanism and a humidi 
fying mechanism for regulating air from Which impurities 
are removed at predetermined temperature and humidity. As 
described above, the air from Which impurities are removed 
and Which is regulated on predetermined temperature and 
humidity conditions by the ?lter device 8 is sent out into the 
processing block B1, Whereby an atmosphere inside the 
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block B1 is set on the predetermined temperature and 
humidity conditions, resulting in a so-called very precisely 
regulated atmosphere. 

MeanWhile, the cassette station S1 and the transfer block 
B2 also include ?lter units F3 and F4 at the upper portions 
thereof respectively likeWise With the processing block B1 
(see FIG. 3 and FIG. 4). Air from Which impurities are 
removed is discharged as doWn-?oWing air from ceiling 
portions. The point in Which they differ from the processing 
block B is that the temperature and humidity of air are not 
regulated. In this point, an atmosphere inside the transfer 
block B2 is a so-called coarsely regulated atmosphere for 
Which the temperature and humidity conditions are not set. 

The second processing station S3 has the same structure 
including the layout of arrangement of respective sections 
except that one coating unit U1 and tWo antire?ection ?lm 
forming units U2, for example, are allocated the processing 
units U. 

The third processing station S4 has the same structure as 
the ?rst and second processing stations S2 and S3 including 
the layout of arrangement of respective sections except that 
three developing units U3, for example, are allocated the 
processing units U. In this case, for example, the second 
cooling section 3 is provided corresponding to the develop 
ing unit U3, and both are housed in the same processing unit 
E1. The delivery table 5 provided With a delivery section for 
the Wafer W is disposed under the second cooling section 3. 
The developing unit U3 is to apply a developing solution 
being a coating solution to the exposed Wafer W and perform 
developing, and has almost the same structure as the coating 
unit U1, but the discharge noZZle 54 includes a large number 
of supply ports arranged in the direction of the diameter of 
the Wafer W. The developing solution is heaped up, for 
example, by rotating the spin chuck 52 a half turn While the 
developing solution is being dropped from the discharge 
noZZle 54 to a point near the center of rotation of the front 
face of the Wafer, Whereby developing is performed. 

Further, the ?lter unit F1 of the processing block B1 of the 
third processing station S4 includes a ?lter for cleaning air, 
a chemical ?lter to Which acid components are added to 
remove alkaline components in the air such as ammonia 
components and amine, and the air Which is cleaned, from 
Which alkaline components are removed, and Which is 
regulated at predetermined temperature and humidity is sent 
out into an under processing space. When a chemically 
ampli?ed resist is used as a resist solution, for example, it is 
required to prevent entry of alkaline components into a 
developing processing atmosphere. Therefore, the interior of 
the processing block B1 is made a closed space and the entry 
of alkaline components from the outside is prevented by 
using the chemical ?lter. 

Acids are produced by exposing the chemically ampli?ed 
resist, and the acids are diffused by heat processing and act 
as catalyst, and as a result, decompose base resin Which is 
the main component of a resist material or change its 
molecular structure to make it soluble in the developing 
solution. Accordingly, in the case Where this kind of resist is 
used, When alkaline components such as a very small 
amount of ammonia contained in air or amine produced 
from paint on Walls come in contact With acids on the 
surface portion of the resist, a catalytic reaction by the acids 
is suppressed, thus deteriorating the shape of a pattern. 
Consequently, the removal of alkaline components is 
needed. 

In the ?rst, second, and third processing stations S2, S3, 
and S4, the processing block B1 of the second processing 
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station S3 is connected adjacent to the transfer block B2 of 
the ?rst processing station S2, and the processing block B1 
of the third processing station S4 is connected adjacent to the 
transfer block B2 of the second processing station S3. In this 
case, the Wafer transfer unit MA of the ?rst processing 
station S2 is structured to be able to perform the delivery 
(access) of the Wafer W not only for the processing units U 
and the second cooling sections 3 of its oWn processing 
station S2 but also for the processing units U and the second 
cooling sections 3 of the adjacent second processing station 
S3. The Wafer transfer unit MA of the second processing 
station S3 is structured to be able to perform the delivery of 
the Wafer W not only for the processing units U and the 
second cooling sections 3 of its oWn processing station S3 
but also for the processing units U and the second cooling 
sections 3 of the adjacent third processing station S4. 

Here, for facilitating explanation, the numerals and syrn 
bols of the processing chamber E1 housing the processing 
unit U and the second cooling section 3, the Wafer transfer 
unit MA, and the CHP unit of the ?rst processing station S2 
are represented by E1-1, Ma-1, and 4-1 respectively. The 
numerals and symbols of the processing chamber E1 hous 
ing the processing unit U and the second cooling section 3, 
the Wafer transfer unit MA, and the CHP unit of the second 
processing station S3 are represented by E1-2, MA-2, and 
4-2 respectively. The numerals and symbols of the process 
ing charnber E1 housing the processing unit U and the 
second cooling section 3, the Wafer transfer unit MA, and the 
CHP unit of the third processing station S4 are represented 
by E1-3, MA-3, and 4-3 respectively. 

In the processing chamber E1-2, transfer ports (not 
illustrated) are formed in areas corresponding to the Wafer 
transfer unit MA-1 and MA-2. Similarly, in the processing 
chamber E1-3, transfer ports (not shoWn) are formed in areas 
corresponding to the Wafer transfer units MA-2 and MA-3. 
As shoWn in FIG. 2, the delivery of the Wafer W is 
performed for the processing charnbers E1-1 and E1-2 by 
the Wafer transfer unit MA-1, and the delivery of the Wafer 
W is performed for the processing charnbers E1-2 and E1-3 
by the Wafer transfer unit MA-2, Which shoWs that if 
attention is given to the processing chamber E1-2 (El-3), the 
Wafer W can be delivered from both the transfer units MA-1 

(MA-2) and MA-2 (MA-3). 
The ?rst, second, third processing stations S2, S3, and S4 

are different in that the coating unit(s) U1 and antire?ection 
?lrn forrning unit(s) U2 or the developing units U3 are 
allocated the processing units U and in the number of these 
units, but have the same structure. That is, the processing 
units U are provided, and the processing stations S2, S3, and 
S4 have the same structure. 

Returning to the explanation of the entire apparatus, the 
interface station S5 is connected adjacent to the third pro 
cessing station S4, and the aligner S6 for exposing the Wafer 
W on Which a resist ?lrn is formed is connected at the back 
of the interface station S5. The interface station S5 is 
provided With a delivery arm 91 for delivering the Wafer W 
betWeen the third processing station S4 and the aligner S6, 
a delivery table 92 including a delivery section of the Wafer 
W, a peripheral aligner 93, and the like. 

Thus, in the ?rst, second, and third processing stations S2 
to S4, the Wafer W is delivered betWeen the cassette station 
S1 and the interface station S5, and also in the ?rst, second, 
and third processing stations S2 to S4, the Wafer W is ?rst 
heated to a predetermined temperature on the hot plate 42 of 
the CHP unit 4 and then cooled to a temperature not more 
than the ?rst temperature on the chill plate 43, subsequently 
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10 
cooled to the second temperature in the second cooling 
section 3, and thereafter subjected to coating processing in 
the processing unit U. 

Next, the operation of the aforesaid embodiment Will be 
explained. First, the cassette 22 housing, for example, 25 
Wafers W is carried into the cassette stage 21 by an auto 
rnatic transfer robot (or an operator), and one Wafer W is 
taken out of the cassette 22 by the delivery arm 23 and 
transferred to the antire?ection ?lrn forrning unit U2 of the 
?rst processing station S2, Where an antire?ection ?lrn is 
formed on the front face of the Wafer. The antire?ection ?lrn 
is thus formed in order to reduce re?ection caused on the 
loWer side of the resist during exposure When the chemically 
arnpli?ed resist is used. 

Subsequently, the Wafer W is transferred to the hot plate 
42 of the CHP unit 4-1 by the Wafer transfer unit MA-1 and 
heated to a given temperature, for example, 100° C. to 200° 
C. Namely, the Wafer W is heated to the given temperature 
by being mounted on the front face of the hot plate 42 
maintained at the given temperature for a predetermined 
period of time. 

Thereafter, the Wafer W is transferred to the chill plate 43 
in given tirning as described above. At this time, the Wafer 
W is delivered to the chill plate 43 in timing corresponding 
to heating period of the Wafer W on the hot plate 42 by the 
transfer unit 44, thereby preventing over-bake of the Wafer 
W. 

The Wafer W is cooled by being mounted on the front face 
of the chill plate 43 maintained at a given temperature for a 
predetermined period of time, and thus the Wafer W is 
cooled to the ?rst temperature, for example, 400 C. to 50° C. 
or loWer. Subsequently, the Wafer W is transferred to the 
second cooling section 3 in given tirning by the Wafer 
transfer unit MA-1. Also in this case, the Wafer W is 
transferred to the Wafer transfer unit MA-1 in timing cor 
responding to cooling period of the Wafer W on the chill 
plate 43, thereby controlling the cooling period of the Wafer 
W. 

In the second cooling section 3, the Wafer W is cooled by 
being mounted on the front face of the chill plate 31, and the 
Wafer W cooled brie?y on the chill plate 43 of the CHP unit 
4-1 is cooled to the second temperature, for example, about 
23° C. loWer than the ?rst ternperature. On this occasion, the 
temperature of the chill plate 31 is controlled by a tempera 
ture control plate (not shoWn), and thus the Wafer W is 
cooled to the second temperature while being controlled 
very precisely. The Wafer W cooled as above is transferred 
to the corresponding coating unit U1 by the Wafer transfer 
unit MA-1 and coated With a resist in the unit U1. 

Subsequently, the Wafer W is transferred by the route of 
the Wafer transfer unit MA-1—>the delivery table 5 of the 
second processing station S3Qthe Wafer transfer unit 
MA-2—>the delivery table 5 of the third processing station 
S4Qthe Wafer transfer unit MA-3—>the delivery table 92 of 
the interface station S5—>the delivery arrn 91—>the aligner 
S6, and exposure of a circuit forrning area is performed in 
the aligner S6. 
The exposed Wafer W undergoes exposure of the outer 

area of the circuit forrning area in the peripheral aligner 93 
of the interface station S5, and thereafter transferred to the 
third processing station S4 by the reverse route, and trans 
ferred by the route of the hot plate 42 of the CHP unit 
4-3Qthe chill plate 43Qthe second cooling section 3Qthe 
developing unit U3 by the Wafer transfer unit MA-3. After 
the Wafer W is thus heated to a given temperature, for 
example, about 120° C. to 140° C. on the hot plate 42, the 
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Wafer W is brie?y cooled to a temperature not more than the 
?rst temperature, for example, to 40° C. to 50° C. or loWer 
on the chill plate 43 in order to prevent over-bake, then 
cooled to the second temperature loWer than the ?rst 
temperature, for example, to about 23° C. in the second 
cooling section 3-3 While the temperature of the Wafer W is 
controlled very precisely, and thereafter developed in the 
developing unit U3. 

The Wafer W is then returned, for eXample, into the 
original cassette 22 via the Wafer transfer unit MA-2—>the 
delivery table 5 of the second processing station S3—>the 
Wafer transfer unit MA-1—>the delivery table 5 of the ?rst 
processing station S2. 
When the delivery table 5 is not provided, the Wafer W 

may be delivered from/to the cassette station S1, betWeen 
the processing stations S2 to S4, and from/to the interface 
station S5 via the vacant antire?ection ?lm forming unit U2, 
coating unit U1, and the second cooling section. 

In this case, the Wafer W in the cassette station S1 is sent 
to the vacant antire?ection ?lm forming unit U2, CHP unit 
4-1, second cooling section 3-1, and coating unit U1 of the 
?rst processing station S2 in sequence. HoWever When these 
units and section are occupied, the Wafer W is delivered to 
the vacant antire?ection ?lm forming unit U2, coating unit 
U1, CHP unit 4-2, and second cooling section 3-2 of the 
adjacent second processing station S3. 

In the aforesaid embodiment, in the ?rst and second 
processing stations S2 and S3, the coating units U1 and the 
second cooling sections 3 are provided in the processing 
block B1 With a precisely regulated atmosphere Which is 
controlled on predetermined temperature and humidity con 
ditions. Since the Wafer W Whose temperature is regulated in 
the second cooling section 3 is transferred to the coating unit 
U1 in the very precisely regulated atmosphere, the tempera 
ture of the Wafer W does not change during the transfer from 
the second cooling section 3 to the coating unit U1 and thus 
the Wafer W can be coated With the resist While the tem 
perature of the Wafer W is maintained very precisely. 
Consequently, uniformity of ?lm thickness can be improved 
and high yield can be secured. 

Similarly, When developing processing is performed as in 
the third processing station S4, the temperature of the Wafer 
W does not change during the transfer from the second 
cooling section 3 to the coating unit U1. Thus, developing 
can be performed While the temperature of the Wafer W is 
maintained very precisely. Consequently, the occurrence of 
uneven developing caused by a change in the temperature of 
the Wafer can be prevented and high yield can be secured. 

Further, each of the processing stations S2 to S4 is divided 
into the processing block B1 With a very precisely regulated 
atmosphere and the transfer block B2 With a coarsely 
regulated atmosphere. The processing units U such as the 
coating unit U1, the developing unit U3, and the like and the 
second cooling sections 3 only are disposed in the process 
ing block B1. Therefore, an area in need of very precise 
temperature regulation favorably becomes small. As a result, 
costs required for regulating the atmosphere is loW, and the 
management of atmosphere regulation becomes easy to 
perform. 

Furthermore, the processing units U are vertically 
arranged in three stages, and the Wafer W is transferred 
betWeen the CHP unit 4, the second cooling section 3, and 
the processing unit U by the Wafer transfer unit MAprovided 
in the transfer block B2, thereby reducing the number of 
transfer units and hence doWnsiZing the apparatus. 

In this case, the substrate processing apparatus is such 
layout that the processing blocks B1 and the transfer blocks 
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B2 are alternately disposed and that the Wafer transfer unit 
MA is accessible to the processing units U and the like of the 
adjacent processing blocks B1 on both sides. Thus, the Wafer 
W can be transferred to the vacant processing units U and the 
like sequentially, resulting in raising processing capacity and 
securing a high throughput. 

Each of the processing stations S2 to S4 is divided into the 
processing block B1 and the transfer block B2. The pro 
cessing block B1 is provided With the processing units U, the 
second cooling sections 3, the electric unit U4, and the 
chemical unit U5. The transfer block B2 is provided With the 
Wafer transfer unit MA and the CHP units 4. Accordingly, 
there is offered advantages that each block is doWnsiZed and 
that fabrication is facilitated. 

Moreover, a plurality of processing stations S2 to S4 are 
connected to each other, and these processing stations S2 to 
S4 have the same layout of the Wafer transfer unit MA and 
the processing units U, so that the processing stations can be 
used for various purposes, thereby facilitating fabrication 
and assembling. Besides, the second cooling sections 3 and 
the CHP units 4 are housed in different blocks, and there 
eXists the electric unit U4 in a portion adjacent to the hot 
plate 42 of each of the CHP units 4. Accordingly, the second 
cooling section 3 and the hot plate 42 are thermally sepa 
rated. As a result, there is very little possibility that heat from 
the hot plate 42 eXerts an in?uence on the second cooling 
section 3, and hence temperature control in the second 
cooling section 3 is facilitated. 

Thus, the present invention alloWs the layout to be 
arranged in any Way if the processing unit U and the second 
cooling section 3 are provided in the processing block B1, 
the Wafer transfer unit MA, the heating section, and the ?rst 
cooling section are provided in the transfer block B2, and the 
Wafer W can be transferred by the route of the heating 
sectionQthe ?rst cooling sectionQthe second cooling sec 
tion 3Qthe processing unit U by the Wafer transfer unit MA. 

Further, three or more processing stations may be con 
nected to each other, and three or more processing units U 
may be vertically arranged. The number of the coating units 
U1 and the developing units U3 can be arbitrarily set. 
Instead of putting the coating unit U1 and the antire?ection 
?lm forming unit U2 in one processing station, it is suitable 
to disposed the coating unit U1 in one processing station and 
the antire?ection ?lm forming unit U2 in another processing 
station, or to put the coating unit U1 and the developing unit 
U3 in one processing station. 

Furthermore, the second cooling section 3 common to a 
plurality of processing units U may be provided, and the 
number of the cooling sections 3 With respect to a plurality 
of processing units may be one. In addition, although the 
CHP unit is used in the aforesaid eXample, a structure in 
Which the heating section, the ?rst cooling section, and a 
dedicated transfer unit for transferring the Wafer W betWeen 
these sections are provided in the transfer block B2 is also 
suitable, or another structure in Which the heating section 
and the ?rst cooling section are provided and the Wafer W 
is delivered to these sections by the Wafer transfer unit MA 
is also suitable. Moreover, the processing unit U and the 
second cooling section 3 may be housed in separate pro 
cessing chambers in the processing block B1. 

Further, instead of forming an antire?ection ?lm on the 
front face of the Wafer as in the aforesaid eXample, hydro 
phobic processing may be performed. In this case, the hot 
plate 42 is disposed in a closed space, for eXample, by 
dividing the hot plate 42 from the chill plate 43 of the CHP 
unit, and the Wafer W is mounted on the hot plate 42 to 
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undergo hydrophobic processing, subsequently cooled to a 
temperature not more than the ?rst temperature on the chill 
plate 43 of CHP unit 4, thereafter cooled to the second 
temperature loWer than the ?rst temperature in the second 
cooling section 3, and then coated With the resist in the 
coating unit U1 While being very precisely regulated at the 
second temperature. The folloWing processes are the same as 
in the aforesaid embodiment. Moreover, a substrate is not 
limited to the Wafer, and a glass substrate for a liquid crystal 
display is also suitable. 

As eXplained above, according to the present invention, 
the interior of a processing station is divided into a process 
ing block including a substrate processing section and a 
second cooling section and a transfer block including a 
substrate transfer unit, a heating section, and a ?rst cooling 
section, and the processing block has an atmosphere the 
temperature of Which is controlled. Consequently, the tem 
perature of a substrate can be very precisely maintained, 
thereby preventing the occurrence of ununiformity of pro 
cessing in the substrate processing section caused by a 
change in temperature and securing high yield. 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 
preferred embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serve to 
eXplain the principles of the invention. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A substrate processing apparatus, comprising: 

a heating section con?gured to heat a substrate; 
a ?rst cooling section con?gured to cool the substrate 

heated by said heating section to a temperature not 
more than a ?rst temperature; 

a second cooling section con?gured to cool the substrate 
cooled by said ?rst cooling section to a second tem 
perature loWer than the ?rst temperature; 

a substrate processing section con?gured to perform coat 
ing processing of a coating solution for the substrate 
cooled in said second cooling section; and 

a ?rst transfer unit con?gured to transfer the substrate 
betWeen said ?rst cooling section, said second cooling 
section, and said substrate processing section, Wherein 

said substrate processing section and said second cooling 
section are arranged in a processing block Whose 
temperature is controlled, and said ?rst transfer unit, 
said heating section and said ?rst cooling section are 
arranged in a transfer block, and 

said second cooling section is used exclusively for said 
substrate processing section. 

2. The apparatus as set forth in claim 1, Wherein 

said substrate processing section and said second cooling 
section are placed in the same atmosphere. 

3. The apparatus as set forth in claim 1, further comprising 
a dedicated second transfer unit con?gured to transfer the 
substrate betWeen said heating section and said ?rst cooling 
section. 
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4. A substrate processing apparatus comprising: 
a cassette station including a mounting section con?gured 

to mount a substrate cassette housing a plurality of 
substrates thereon and a delivery unit con?gured to 
deliver the substrate from/to the substrate cassette 
mounted on the mounting section; and 

a processing station connected to said cassette station and 
con?gured to process the substrate transferred by said 
delivery unit, 

said processing station including: 
a heating section con?gured to heat the substrate; 
a ?rst cooling section con?gured to cool the substrate 

heated in said heating section to a temperature not more 
than a ?rst temperature; 

a second cooling section con?gured to cool the substrate 
cooled by said ?rst cooling section to a second tem 
perature loWer than the ?rst temperature; 

a substrate processing section con?gured to perform coat 
ing processing using a coating solution for the substrate 
cooled by said second cooling section; and 

a substrate transfer unit con?gured to transfer the sub 
strate betWeen said ?rst cooling section, said second 
cooling section, and said substrate processing section, 

said processing station being divided into a processing 
block Whose temperature is controlled and a transfer 
block, said processing block including said substrate 
processing section and said second cooling section and 
said transfer block including said substrate transfer 
unit, said heating section, and said ?rst cooling section. 

5. A substrate processing apparatus comprising: 
a cassette station including a mounting section con?gured 

to mount a substrate cassette housing a plurality of 
substrates thereon and a delivery unit con?gured to 
deliver the substrate from/to the substrate cassette 
mounted on the mounting section; and 

a plurality of processing stations connected to said cas 
sette station and each con?gured to process the sub 
strate transferred by said delivery unit, 

said processing station including: 
a heating section con?gured to heat the substrate; 
a ?rst cooling section con?gured to cool the substrate 

heated by said heating section to a temperature not 
more than a ?rst temperature; 

a second cooling section con?gured to cool the substrate 
cooled by said ?rst cooling section to a second tem 
perature loWer than the ?rst temperature; 

a substrate processing section con?gured to perform coat 
ing processing using a coating solution for the substrate 
cooled by said second cooling section; and 

a substrate transfer unit con?gured to transfer the sub 
strate betWeen said ?rst cooling section, said second 
cooling section, and said substrate processing section, 

said processing station being divided into a processing 
block Whose temperature is controlled and a transfer 
block, said processing block including said substrate 
processing section and said second cooling section, and 
said transfer block including said substrate transfer 
unit, said heating section, and said ?rst cooling section, 

Wherein at least one of said processing stations alloWs 
said substrate transfer unit to deliver the substrate 
from/to both of a substrate processing section in its oWn 
processing station and another substrate processing 
section in the adjacent processing station. 

6. The apparatus as set forth in claim 5, 
Wherein at least one of said processing stations includes a 

substrate processing section con?gured to perform 




